INTRODUCTION
The extreme El Niño events such as those in 1982-83, 1997-98, and 2015-16 were responsible for several natural disasters. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] The anomalous climatic conditions associated with extreme El Niño events caused worldwide environmental disruptions including in South America (SA). In SA, the Amazon and Northeast Brazil experienced severe droughts and catastrophic floods occurred in Peru. 12 For example 1997-98 extreme event alone caused worldwide US$ 36 billion in damage and an estimated 22,000 people died. 12, 13 In addition to severe changes in climate, the El Niños impact the atmospheric variables such as rainfall, temperature, humidity etc. It is well known that changes in these variables alter several aspects of ecosystems, 14 disrupt agriculture, cause hurricanes and expand breeding sites of disease-spreading vectors Zika, dengue, and malaria. The study of Hopp and Foley 15 finds that strong interannual variations in climate significantly affect disease vector ecology. They presented a modeling analysis showing, on a global scale, connections between climate and the development, potential distribution and population dynamics of A.aegypti, the principle vector of Zika. The authors found good agreement between the observed and modeled global distribution of mosquito.
Examining the impact of climate variability on disease intensity is vital especially in regions where the disease is already a global pandemic. Malaria epidemics in African highlands cause high mortality and are strongly related to the climate associated with El Niño events. For example, Malaria epidemic in a high land region off South West Uganda in 1998 was associated with the extreme El Niño event of 1997-1998. 16 El Niño events cause the Dengue epidemics in many tropical countries. It was found 17 that there is a statistically significant correlation between El Niño and dengue epidemic in French Guiana and Indonesia. Also, studies of malaria have revealed large occurrences on the Indian subcontinent, 18 in Colombia, 19 Venezuela 19, 20 , and Uganda 21 during El Niño events. The vectors of ZIKV have established temperature thresholds of survival and these temperature dependent variations regulate their population. If there is sufficient moisture and warmer temperatures, with in the survival ranges exist, mosquito activity increases and decreases the EIP (Extrinsic incubation period) or duration of sporogony. 22 Peridomestic (living in and around human dwelling) day-biting mosquito's, A.aegypti, feeds preferentially on human blood. The mosquito development and survival strongly depends on temperature. 23 Further, during warmer months the mosquito's latitudinal range increases as does the density. In addition to temperature, rainfall variations also effect Zika virus breeding. When the rainfall is high the breeding capacity of the mosquito increases because of water logging in ponds, even in dry season during El Niño event over North and South America the stored water for household purposes may also breed mosquitoes.
In view of the highly devastating impacts associated with extreme El Niño events it is necessary to find out whether green house warming will affect the frequency of extreme El Niño events. In a recent work 11 it was found that the extreme El Niño events will double in future. Here we define the extreme events when the Niño 3.4 SST is ≥2°C. This criterion was used by others ggweather.com/enso/oni.htm and reproduces correctly the previous El Niño events including the extreme events of 1982-83, 1997-98, and 2015-16.
RESULTS AND DISCUSSIONS
Future SST (sea surface temperature) variations over Nino 3.4 have been extracted from CMIP5 24 models. In a study of CMIP5 models, Weare 25 found that in nearly 20 models, surface temperatures, precipitation, and 250hPa geopotential height departures in the tropics are in good agreement with observations. Overall recent versions of earlier models improved their ability to simulate El Niño teleconnections. The CMIP5 16 models are forced with historical anthropogenic and natural forcings and future greenhouse gas emission scenarios of Special Report on Emission Scenarios (SRES A2) and Representative Concentration Pathway (RCP 8.5) respectively, each covering a 200 year period i.e from 2000-2200. The available models for the selected study period (2070-2100) are: 1. GFDL-CM3_rlilp1_1, 2. GISS-E 2-H_rlilp1_1, 3. GISS-E2-R_rlilp1_1, 4. IPSL-CM5A-LR_rlil1_1, 5. MPI-ESM-LR_rlil1_1, and 6. NorESM1-M_rlil1_1. Of these models, two (1 &4) are in the selected list of models by Weller et al. 26 which can successfully simulate their criteria of extreme El Niño events. Ocean Niño index for the Niño 3.4 region has been computed during 2070-2100 by centered 30-year base periods updated every 5 years according to CPC (Climate Prediction Centre) (http://origin.cpc.ncep.noaa.gov). Different extreme El Niño years have been identified from different models (Fig. 1 ). Surface (2 m) air temperature data from the corresponding models have been taken for the selected years over SA. All the model's data are available with a resolution <2°. We noted 6 extreme El Niño years: 2074-75, 77, 81, 83, 85, and 99. Since the ZIKV breeds preferentially in austral summer we take January month representing austral summer.
The mean surface (2 m) air temperature data for the period 1981-2010 in°C in Fig. 2 have been taken from NCEP2. 27 This figure can be compared with that from Collins et al. 28 for the period 1976-2007, December, January, and February. The general features seem to agree well, the minimum temperature of 21°C between Minas Gerais and São Paulo States, a high temperature zone of~25°C in the Amazon State and a high temperature zone of 29°C on the lee side of Andes Mountains.
Surface air temperature anomalies for the 6 extreme El Ninos There is another region of high positive anomalies over Venezuela, Columbia, Guiana, northern Roraima State in Brazil, and the Amazon region. The corresponding maximum values of anomalies in the 6 El Niño years are~7°C, 10°C, 11°C, 10°C, 5°C, and 9°C, respectively. It is well known that the Amazon region is adversely affected during El Ninos. 29 During the recent severe El Niño of 2015-16 the warming over the the Amazon forest is termed as record breaking. 30 The increase of temperature during the future extreme El Niño over the Amazon forest is more than that in the record breaking 2015-16 warming. 2099. In the mean anomaly of all the 6 extreme El Ninos (Fig. 4) also the pattern is similar with the above mentioned three regions of high positive anomalies, with maximum positive anomalies of 5°C, 8°C, and 10°C, respectively. The temperatures of 2016 January in these three regions also are high ( Fig. 5 ) with values much less than those in the 6 extreme El Niño years in future (see supplement Fig. 1 ). Developmental rate of A.aegypti eggs increases exponentially between 27°C and below 40°C with increase of temperature. 23 Since temperatures during future extreme El Niño events (Fig. 3 ) in all the above mentioned three areas are higher than 27°C and below 40°C, these conditions are highly favorable for the proliferation of A.aegypti or Zika virus in SA.
In order to calculate the vectors ability to spread disease among humans, we used the expressions given in Liu-Hermenson et al. 31 These are given in the methods and data section. VC (Vecotial Capacity) relative to the vector -to -human population ratio can be expressed as
Regarding the effect of temperatures during extreme El Niño events in Fig. 2 , the corresponding biting rates are respectively 0.19, 0.21, and 0.23 (Fig. 6a) , that is female A. aegypti feed quicker and more often.
The probability of infection from human to vector per bite (b m ) for the lower temperature range, Fig. 6b varies from 0.7-0.9 for the above mentioned three regions and in figure the corresponding probability for the second temperatures range shows the high probability for almost entire South America indicating the high imminent risk of acquiring the disease in future extreme El Niño events. The probability of transmission from vector to human per bite (bh) is almost similar to the previous Fig. 6c The extrinsic incubation period (n) for higher temperatures during the extreme El Niños varies from 7-14 days in Brazil, Bolivia, Paraguay, and Argentina, whereas the incubation period increases with the increase in the temperature anomalies over Peru and Chile (Fig. 6d) .
The mortality rate increases with the increase in temperature anomalies during extreme El Niños in Peru and Chile i.e from 0.03-0.07. In the remaining parts for the temperature ranges of 21-29°C the mortality rate varies from 0.03-0.035 (Fig. 6e ) Vectorial capacity (VC) depicts the spreading of the diseases in human during the future extreme El Niños. It varies from 0.5 to 1.25 where as more spreading has been observed in the Amazon and its surroundings, Bolivia, São paulo state, and Argentina.
The Zika virus epidemic potential VC is shown in Fig. 7 . Assuming that the Human-to-mosquito ratio equals 1 32 and using a typical infectious period of 5 days, the threshold value for a dengue epidemic outbreak using VC is estimated to be 0.2 per day. 31 In this figure (Fig. 7) , in all areas that exceed the threshold value of 0.2 per day, the ZIKV epidemic outbreak is imminent (if the other necessary conditions, sufficient presence of humans and vectors exist). In Fig. 7 we see the main favorable regions for the outbreak of ZIKV (more than 0.2) are the three regions of higher temperatures mentioned earlier namely Amazon and its surroundings, Brazil (Southern Minas Gerais, and São paulo state), Bolivia, and Argentina. The high values of 1.25 per day are seen in northern Argentina, Paraguay, Parana, and Matagross states in Brazil and Western Amazon. Also, over large areas in South America a value of 1 per day is seen indicating the high potential of ZIKV outbreak in future extreme El Niño events. The thermal response curves (Fig. 8) also shows that all the vector parameters are increasing with temperature and after reaching the maxima there is a sudden drop in vector transmission and vectorial capacity. Incubation period is continuously decreasing with increasing temperature where as the mortality rate is high at both lower and higher temperature.
Since ZIKV shares a considerable degree of genetic identity and structural homology with other flaviviruses including dengue virus 33 and there is proof that dengue virus antibodies enhance ZIKV infection, 34 patients previously affected by Dengue are much likely susceptible to ZIKV infection leading to complications in treatment. In a very recent paper, 35 studies on mice showed that "during adulthood, ZIKV replication persisted in neonatally infected mice and animals showed increased susceptibility to chemically induced seizures neuro degeneration and brain calcifications". This shows that neonatal ZIKV infection may have long-term complications and may have a lasting impact on brain.
In conclusion, the effect of extreme climate change, under greenhouse warming particularly the increase of temperature by several degrees during extreme El Niños in SA is twofold: (1) it is highly congenial for the increase in the breeding and spread of vector borne diseases such as Zika virus, and (2) is highly prejudicial to delicate balance of biodiversity in the Amazon forest and promote the rapid spreading of ZIKV in São Paulo and nearby states in Brazil, western Argentina, Chile, Venezuela, and Roraima State in Brazil. Thus it is necessary to make policy arrangements for the mitigation of these adverse climate change effects.
METHODS
The spatial distribution of various vector parameters related to Zika vector A.aegypti has been computed using mechanistic models which are statistically significant from the previous literatures (Liu-Helmersson et al. 31 , and Lambrechts et al., 32 ). The equations are based on the particular temperature ranges that are favorable for the vector growth.
The equation for the average blood meal frequency i.e. the biting rate 'a' is
The probability of infection from human to vector per byte is , [36] [37] [38] 
DATA AVAILABILITY
The temperature (T), SST data has been taken from 4 CMIP5 models (MPI, GFDL, IPSL, and NorESM1) for 7 extreme El Nino years. APDRC regridded CMIP5 data grids into a 
